Rationale: Situs inversus totalis is a rare anomaly disease in which the organs in the chest and abdomen are positioned in a mirror image reversal of normal positions. Although this has been confirmed to be associated with spinal abnormalities, reports about situs inversus totalis with congenital scoliosis remain limited.
Introduction
Situs inversus totalis is a rare disease in which organs of chest and abdomen are arranged in a mirror image reversal of the normal position. The prevalence is between 1: 5000 and 1: 10,000. [1] It has been reported to be associated with spinal anomalies such as tethered spinal cord, spina bifida, and scoliosis. [2] [3] [4] Congenital scoliosis is the most frequent congenital deformity of the spine and frequently associated with congenital heart disease, spinal cord dysraphism, kidney malformations, and other malformations. [5] A coronal Cobb angle >70°could be treated as severe scoliosis. [6] Up to date, there are limited reports regarding the diagnosis and surgical treatment of congenital scoliosis associated with situs inversus totalis. As such, we present a 9-year-old girl having congenital scoliosis with situs inversus totalis who received a series of correction for her scoliosis.
Ethics approval and consent
This study was approved by the Medical Ethics Committee of West China Hospital of Sichuan University. And written informed consent was obtained from the patient's parents on behalf of the child for her correction surgery and publication of this case report and any accompanying images.
Case report
We present a 9-year-old patient who was admitted for her scoliosis deformity correction. The patient had no dyspnea, numbness or weakness of the limbs, headache, backache or extremity pain, or other symptoms. Her systemic examination revealed the apex cardiac beat on the right side, liver dullness on the left side, and the rib hump deformity. There was no family history of scoliosis and situs inversus totalis. She received convex growth arrest at another hospital because of the congenital scoliosis caused by T3 hemivertebra at the age of 2.
Her spinal plain radiographs showed that the Risser sign was 0, the cardiac silhouette and gastric air bubble were on the right side, and the coronal Cobb angle of the main curve (T11-L3) was 78°, suggesting the need for surgical correction (Fig. 1) . She had an apex left curve and the upper end vertebra, lower end vertebra, apex vertebra, neutral vertebra, and stable vertebra was T11, L3, L1, L3, and L5, respectively (Fig. 1) . The computed tomography (CT) scan showed congenital fusion of C2-3, C4-5, C6-7, the fusion of T1-4 resulting from previous growth arrest surgery, and left 1st and 2nd rib synostosis ( Fig. 2A) . Magnetic resonance imaging revealed the syrinx at the C6-T1 level without any other spinal cord or canal abnormalities (Fig. 2B) . The cardiac ultrasound demonstrated that the diameter of the ventricular septal defect was 2 mm and the ejection fraction was 68%. The pulmonary function test showed that the forced vital capacity (FVC) was 79.7% of predicted and the forced expiratory volume in 1 second/FVC ratio was 107.7%, which revealed the mild restrictive ventilatory dysfunction of the patient. The abdominal ultrasound revealed the hydronephrosis on the left side. Laboratory examination results, including full blood count, urinalysis, stool routine, hepatic, and renal functions, were normal. The preoperative Scoliosis Research Society (SRS)-22 pain, general self-image, function/activity, satisfaction, mental The diagnoses were severe congenital scoliosis, situs inversus totalis, syringomyelia, congenital heart defect, pulmonary dysfunction, and hydronephrosis. Before the surgical procedures, the patient was evaluated for her above-mentioned anomalies by cardiologists, respiratory physicians, urologists, general surgeons, neurosurgeons, and spine surgeons. And no specific treatments were required for her ventricular septal defect, mild restrictive ventilatory dysfunction, hydronephrosis, situs inversus totalis, or syringomyelia.
The patient underwent single growing rods treatment. The proximal and distal rod was attached to the T8 and T9 pedicle screws (PSs) and L4 and L5 PSs, respectively. They were connected by a Domino Connector (Medtronic, Fort Worth, TX). She underwent 2 distraction procedures before the final fusion when she reached skeletal maturity (Fig. 3) . The time interval of these 2 distraction procedures was 6 and 13 months, respectively. In the fourth month after the first lengthening, she underwent a revision surgery of her growing rods because the proximal rod was broken due to a strenuous exercise. At the age of 13, the Risser sign was 5, and she underwent the final fusion from T8 to L5 with posterior pedicle screw fixation. The operation took 4 hours and 5 minutes and the estimated blood loss amount was 500 mL. No abnormal signal was detected during the process of neuromonitoring. There were no neurological or other major complications related to the surgery. The coronal Cobb angle of the main curve was corrected to 20°p ostoperatively (Fig. 4A) . The scoliosis correction rate was 74.3%, and the thoracic kyphosis had been corrected from 45°to 29°. At 1-year follow-up, there was no obvious loss of spinal corrective angle (Fig. 4B) . Additionally, the SRS-22 scores Figure 3 . The spinal plain radiographs before the final fusion surgery: (A) after the initial distraction, the main curve was corrected to 37°and TK was corrected to 26°; (B) the proximal rod was broken 4 months after the first lengthening (arrow); (C) after the revision surgery, the main curve was 39°and TK was 34°; (D) after the second distraction, the main curve was 36°and TK was 32°. TK = thoracic kyphosis. 
Discussion
Situs anomalies refers to an abnormal organ arrangement, which is rare, complex, and confusing. [7] Spinal malformations, congenital heart disease, gastrointestinal or bowel malrotations, primary ciliary dyskinesia, and Kartagener syndrome have been identified among patients with situs anomaly. [8] There are 2 types of situs anomalies namely situs ambiguous and situs inversus. [8] [9] [10] Situs ambiguous, or heterotaxy, is characterized by disordered arrangement of the internal organs across the left-right axis of the body. [7] Unlike situs ambiguous, the organs maintain their normal relationship with each other in situs inversus. [10] Situs inversus is the mirror image of the normal visceral arrangement, including situs inversus with dextrocardia and situs inversus with levocardia. [11] Situs inversus with dextrocardia is also named situs inversus totalis and characterized by the complete mirror image of the normal arrangement of the heart and viscera. In our case, the x-ray and CT scan showed that the cardiac apex, spleen, stomach, and aorta were present on the right side, and the larger liver lobe and inferior vena cava were noted on the left side (Fig. 5) . Thus, the image manifestations supported the diagnosis of situs inversus totalis.
Early onset scoliosis (EOS) is defined as curvature of the spine in children >10°with onset before the age of 10 regardless of the etiology. [12] Our patient was a 9-year-old girl with congenital scoliosis, so she met the diagnostic criteria of EOS. The surgical treatment strategy for EOS includes growing rods technique, vertical expandable prosthetic titanium rib, the Shilla technique, vertebral body stapling, and hybrid systems. [12] Growing rods technique is widely used in the treatment of EOS with its satisfactory results of obtaining and maintaining deformity correction, achieving adequate spinal growth as well as thoracic growth, and allowing adequate lung development, [13] which is an important reason leading to our adoption of this technique. As for the surgical approach, we did not choose anterior approaches, such as posterior instrumentation combined with an anterior release, or combined anterior and posterior surgical procedures with a period of halo traction after anterior release, in case of the risk caused by the position variation of the internal organs. Growing rods technique and subsequent spinal fusion correction surgery used in our patient were via posterior-alone approach and did not involve operations in thoracic or abdominal cavity, which meant that they were less affected by the abnormal visceral arrangement. It has been widely recognized that the changed positions of scoliotic vertebrae can lead to the decreased distances between the vertebrae and the adjacent structures in scoliosis patients with increased potential risks of injuries of these structures from PS insertion. [14] And aorta impingement may be the most disastrous one among the complications caused by PSs. [15] Qiao et al [16] illustrated that the risks of the aorta impingement were mainly from the right PS in left-sided thoracolumbar/lumbar curves while from the left PS in right-sided curves. And placing PS carried more risks in the right-sided thoracolumbar/lumbar curve because the aorta was more proximal to entry points in the rightsided curve than that in the left-sided curve. For the patient in this study, she had a left-sided lumbar curve and her aorta shifted to the right side due to situs inversus totalis. Thus, the risks of aorta impingements were mainly from right PSs for her. Taking this into consideration, there were no aorta impingements intra-or postoperatively. In the correction of the left-sided lumbar curve of scoliosis associated with situs inversus totalis, the risks of aorta impingements should not be neglected when placing PSs on the concave sides. The main strength in the management of this patient was the satisfactory correction of deformity with no neurological or other major complications related to the surgery. And optimal preoperative preparation and appropriate surgical option were the reasons for achieving this pleasant outcome. However, our patient lacked longer term follow-up time. Therefore, a longer follow-up period is needed to evaluate the clinical and radiographic outcomes.
Conclusions
Growing rods technique could be a safe and effective alternative for the treatment of scoliosis associated with situs inversus totalis.
In the correction of the left-sided lumbar curve of this kind of patients, the risks of aorta impingements should not be neglected when PSs are on the concave sides.
